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(57) Abstract 

A complex comprising an HLA class I molecule and attaching means 
for selectively attaching die HLA class I molecule to ataiget cell is disclosed, 
and a method is irovided for producing or enhancing an immunological 
response against a target cell, by attaching said complex to the target celL 
Wheie the target cell is a diseased, fmlgn or malignant cell, this method may 
be used to promote the lysis of die taiget cell by Tcells in die immune system. 
Where die taiget cell is an andgen presenting cell, dils method may be used 
to promote die iHoliferation of specific T cell clones. The invention is of 
potential use in die prevention and treatment of malignant diseases Including 
cancer and leukaemia, infectious diseases including viral infections such 
as HIV. bacterial infections including tubonculosis, and parasitic infections 
includbg malaria. 
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MEfflOD FOR FRODUONG OR ENHANONO A T-CELL RESPONSE AGAINST A TARGET CELL USING A 
COMPLEX COMPRISING AN HLA CLASS I MOLECULE AND AN ATTACHING MEANS 



5 -This applicxition.relfiies.to mesns for producing or enhancing sr imKnunobgicalv 
response against a target cell, through the attachmmt of an immunogenic HLA 
class I molecule thereto. The invration is of potential use in the prevention and 
treatment of malignant diseases including cancer and leukaemia, infectious 
diseases including viral infections such as HIV» bacterial infections including 

10 tuberculosis, and parasitic infections including malaria. 

Cytotoxic T cells in the cellular inunune system are responsible for recognising 
cells that display '^foreign** markings, and triggering an immunolcgica!. respoiise 
against such cells. Each cytotoxic T cell expresses a number of cell surface 

IS recognition receptor^ which recognition receptors all possess precise specificity 
for a particular **foreign" peptide sequence, which recognition receptors are 
adapted to bind to HLA class I molecules expressed on the surface of cells 
scanned by the T cell. HLA class I molecules are cell surface molecules which 
possess a peptide binding groove exposed on the external surface of the cell, 

20 ^ch groove is arranged under normal circumstances to bind a peptide derived 
from the interior of die cell. What a recognition receptor on a cytotoxic T cell 
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. binds to an HLA class I molecule on the surface of a scanned cell, the 
recognition recq)tor is enabled to contact the peptide binding groove of the 
HLA class I molecule and interact with any peptide contained therein. If this 
peptide matches the specificity of die recognition receptor, the T cell is said to 
3 . « recognise the scanned cell; 2nd m^* consequently trigger an immunological 
re^nse against said scanned cell. 

Cytotoxic T cells of various specificities within a host immime system are also 
able to recognise and trigger an immunological response against a cell 
10 exhibiting an HLA class I molecule which is of a different allotype from the 
HLA class I molecules of the host cells. An immunological response of this 
kind is known as an "alloreactive" response. 

An immunological response against a cell usually results in the lysis of the cell 
IS and/or the local release of ^tokines. It has however been observed that 

cytotoxic T cells do not trigger the lysis of so-called antigen presenting cells 
(APCs) in this way. Instead, die immunological response triggered by T cell 
recognition of an HLA class I molecule on die surface of an antigen presenting 
cell results in the direct selective proliferation of the cytotoxic T cell. The host 
20 immune system consequendy becomes immunised against any celb exhibiting 
die foreign peptide recognised by die surface recognition receptors on this T 
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ceil. 

It is recognised that the effector medianisms of tfie cellular immune system 
could be a powerful tool in the prevention and treatment of many illnesses, 
S r'^ including- malignant processes and^inf^ious.and auto-immune diseases, 

including cancer. A small number of the HLA class I molecules on a tumour 
cell surface may be found to bind peptides ^^ch are selectively e>q>ressed or 
over-expressed in tumour cells and are capable of being recognised by 
cytotoxic T cells in die inunune system. Such peptides may furthermore be 

10 tumour specific, being found only infrequently, or not at all, on the HLA class 
I molecules of non-tumour cells. An example of one such timiour specific 
peptide is the HMW-MAA antigen found on melanoma cells. However, the 
. number of HLA molecules presenting such peptides is generally too small to 
stimulate an effective immunological response against the tumour cell. 

IS Moreover, such peptides are rarely, if ever, presented by HLA class I molecules 
on the surface of APCs. 

Attempts to enhance die response of the cellular immtme system to tumour 
cells have hitherto focused on increasing tumour cell immunogenicity. In 
20 particular, various efforts have been made to produce high-level expression of 
immunogenic HLA class I molecules on the surface of tumour cells, through 
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. ike tediniques of gene therapy. The delivery of cDNA encoding an HLA class 
I gene containing an immunogenic peptide in the leader sequence of die HLA 
molecule has been described in Kang (Cancer Res. 57. 1997, 202-20S). 
Meanwhile, Stopeck (J Clinical Oncology IS, 1997, 341-349) describes the 
5 , tnmsfection of allogeneic HLA dzv^ I in :;Etients with melanoma. This^^work ^ 
has demonstrated some response in clinical trials, but has also highlighted the 
difiBculties involved in targeting tumour cells at multiple sites in vivo through 
the techniques of gene therapy. 

10 The present application sets out to provide improved means for producing or 
enhancing an immunological response against a target cell, and to provide an 
improved method for treating or preventing cancer and other malignant, 
infectious or auto-immune diseases. ... 

15 Accordingly, in one aspect of the present invention there is provided a complex 
comprising an HLA class I molecule or fragment thereof, which HLA class I 
molecule or fragment diereof comprises a T cell binding portion, and attaching 
means for selectively attaching said HLA class I molecule or fragment thereof 
to a target cell. 

20 



In another aspect of the present invention there is provided a mediod of 
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attaching an HLA class I molecule or fragment thereof to a target cell, which 
HLA class I molecule or fragment thereof comprises a T cell binding portion, 
comprising the step of introducing to said target cell said HLA class I molecule 
or fragment thereof and attaching means for selectively attaching said HLA 
-5;.. class T molecule or fragme&ttherecf to the target c^Il. • * 

In yet another aspect of the preset invention, there is provided a 
pharmaceutical composition comprising an HLA class I molecule or fragment 
thereof, which HLA class I molecule or fragment thereof comprises a T cell 
10 binding portion; attaching means for selectively attaching said HLA class I 
molecule or fragmmt thereof to a target cell; and an appropriate excipient or 
carrier. 

The HLA class I molecule or fragment thereof may bind a peptide, which 
IS peptide is arranged to be presented for T cell recognition by said HLA class I 
molecule or fragment thereof Said peptide may be attached to the HLA class I 
molecule or fragment diereof in accordance with the method described in 
Garboczi fPNAS 89. 1992, 3429-3433). 

20 The attaching means prefm'ably comprises a linking polypeptide with high 

specific affinity for a target cell specific molecule on the surface of the target 
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cell. By "target cell specific molecule** herein is meant any molecule that is 
characteristically expressed or over-expressed on the surface of the target cell. 
By vfBy of example, in cancer cells said '*target cell specific molecule** could 
include any of the following tumour associated antigens: carcinoembiyoic 
3 ■ antig«i,-placaital alkaline p!K:sphata.'%, prlyrinrphic epitiielial muciu, humait^. .Mr- 
chorionic gonadotrophin, CD20, prostate specific antigen, ca-12S, HMW-MAA 
and others. 

Conveniently, the linking polypeptide will comprise an antibody, preferably a 
10 monoclonal antibody, raised against said target cell ^ecific molecule 

(Riethmuller and Johnson, Curr. Opin. Immunol. 4. 1992, 647-655). Suitable 
antibodies for this purpose include C46, 8SA12, H17E2, HMFGl, WI4, IFS, 
225.28s (Buraggi 1985 Cancer Res. 45 3378-33C7), and cti^.ers. Deposits of &e 
inunortalised hybrids producing these antibodies have been made at die 
15 American Type Culture Collection, Rockville MD, USA. Further examples of 
antibodies are described in Maloney et al ( Blood 84. 1994, 2457-2466), 
Riethmuller et al (Lancet 343. 1994, 1177-1183) and Hird et al fflr. I Cancer 
68. 1993, 403-406). 

20 Said linking polypeptide msy comprise an antibody raised against a target cell 
specific molecule and a coupling system for coupling said antibody to said 
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HLA class I molecule or fragment thereof. The coupling system may comprise 
a two- or three-step chain of well-characterised paired small molecules, joined 
to the antibody and the HLA class I molecule so as to form a stable bridge 
between the two. Examples of paired small molecules which might be used in 

5 this connection include (b^t iure not liniited to) bictin ?jrd!iviT!:::ystreptavidin ^ 
(Moro. 1997 Cancer Res. 57, 1922-1928; Altman et al. Science 274. 1996, 94- 
96), and calmodulin and calmodulin binding peptides (Neri, 1996, J. Invest. 
Dermatol. 107. 164-170). Alternatively, said linking polypeptide may comprise 
an antibody raised against a target cell specific molecule, which antibody is 

10 adapted to be attached directly to said HLA class I molecule or fragment 
diereof. 

in z furtV:er possible embodiment of the invention, said complex may cc-nii^rir* 
a recombinant protein, ^ich recombinant protein includes a moiety comprising 
IS said HLA class I molecule or fragmmt thereof, and a moiety comprising said 
attadiing means. 



The HLA class I molecule or fragmoit thereof may be purified from plasma or 
platelets or made recombinantly. Hie HLA class I molecule or fragment thereof 
20 may fiirther be arranged to bind and present for T cell recognition a defined 
peptide of choice, such as a viral, bacterial, parasitic, or tumour-specific 
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peptide. Attachment of the HLA class I molecule or fragment thereof to Ae 
target cell may be achieved by introducing said HLA class I molecule or 
fragment thereof and said attadiing means to the vicinity of tiie target cell. The 
target cell may be a culture cell in vitro, but will advantageously be in the 
body of a patient Preferably,-.the target cell will be arras^t^d !o contacted by . 
a cytotoxic T cell, which cytotoxic T cell is ad^ted to recognise said HLA 
class I molecule or fragment thereof either as being of a mismatched allotype 
or as binding a foreign pqitide, and which cytotoxic T cell is capable of 
triggering an immunological response against said target cell. 

In one embodiment of the present invention the target cell is of a type which 
may be lysed as a result of an immunological response thereagainst 
Advoiiizgeously, tiie target. cell is a^tumour cell cr any diseased cr foreign ccii 
the presence of which is undesired in a patient, such as a cancer cell, 
leukaemia cell, a cell infected with the HIV virus or with any other microbe or 
virus, a cell responsible for detrimental activity in auto-immune disease, and so 
on. In order to accelerate the triggering of an immunological response against 
said target cell in a patient, said HLA class I molecule or fragment thereof will 
preferably be capable of producing a powerful immune response from the 
cellular immune system of die patient. Accordingly, said HLA class I molecule 
or fragment thereof may bind a viral or microbial peptide, preferably a viral or 



wo 99/64464 



PCT/GB99/01764 



9 

microbial peptide to whidi tfie patient is likely to have had previous exposure. 
In particular, said HLA class I molecule or fragment diereof may bind an 
influenza virus peptide, a measles virus peptide, an Epstein-Barr virus peptide, 
in particular an Epstein-Barr virus peptide comprising the RAKFFQLL epitope 
^ -i-hQ lytic protein BZLFl, a Cytomegalovirus peptide, cr a tstahiis Cs:?:-:;:^ 

pq>tide. Alternatively, said HLA class I molecule or fragment tfiereof may bind 
any peptide i^ch already has a strong cytotoxic T cell response or which is 
cq)able of inducing a powerful immune response. The allotype of said HLA 
class I molecule or fragment diereof may additionally or alternatively be 
different from die allotype of the HLA class I molecules of the patient, so diat 
an alloreactive response may additionally or alternatively be triggered against 
said target cell. 

In another embodiment of the invention the target cell is an antigen presenting 
cell (APC). Recognition by a ototoxic T cell of an HLA class I molecule or 
fragment thereof attached to said APC may result in direct and selective 
proliferation of die cytotoxic T cell. Accordingly, said HLA class I molecule or 
fragmmt diereof will advantageously be adapted to present for T cell 
recognition a tumour specific peptide as defined above, or a viral peptide, or a 
bacterial peptide, or a parasitic peptide, or any peptide ^ch is exclusively or 
characteristically presented by HLA class I molecules on die surface of 
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diseased, malignant or foreign cells die presence of i^ch is undesirable in a 
patient. Peptides linked to malignant conditions have been characterised 
(Brossart, 1998 Cancer Res. S8. 732-736 and Lucas, 1998 Cancer Res. 58. 743- 
752), as have peptides of parasitic origin (Khusmith, 1991 Science 252, 715- 
5 ^ 7!S) Tke>itadmient of. an HI.A class I mpl^ule or fragment thereof to ac 
APC, in accordance with the present invention, may be used for in vivo 
immunisation against cells presenting a given peptide, or ex vivo production of 
cytotoxic T celb of a particular specificity. 

10 Where the target cell is a tumour cell or microbially infected cell, the 

pharmaceutical composition of the present invention may be used for the 
treatment of a tumour or microbial disease respectively, and there is provided a 
method of treating a tumi^tir or microbial disease in a patient, comprisiiig die 
step of administering to a patient in need thereof an effective amount of said 

15 pharmaceutical composition. 

It must be noted that whilst mai^ tumour types express tumour associated 
antigens, heterogeneity in die level of expression does occur, so some tumour 
cells mzy not be targeted by antibody and lysed direcdy. However, in vitro date 
20 from the analogous antibody-superantigen system shows that the hi^ local 
levels of cytokines released by activated T cells can lead to the death of 
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untargeted bystander tumour cells (Dohlsten et al. Int. I Cancer 54, 1993, 482- 
488). It is likely that similar effects will occur in a targeting system using 
MHC class I/peptide complexes. Similarly, it is possible tiiat the presence of 
activated cytotoxic T cells releasing cytokines in the tumour may lead to 
w.-* - 5 ^i^rj«*csmcat^f a specific ainti-tumc^^ • .. . 

Where the target cell is an APC and die HLA class I molecule or fragmrat 
thereof binds a tumour-specific pqitide or any peptide which is exclusively or 
characteristically presmted by HLA class I molecules on the surface of a 
virally, bacterially, parasiticaliy or microbially infected cell, the pharmaceutical 

10 composition of the present invmtion may be used for immunising against the 
tumour or viral, bacterial, parasitic or microbial infection respectively, and 
there is provided a mediod of inununising against a tumour or viral, bacterial, 
" / ^ pa7asilia.or mierobial infecdo^Hr^ a pa - - ^ 

administering to a patient in need diereof an effective amount of said 

15 pharmaceutical composition. 



The response of said patient may be improved by in vivo cytokine support, or 
by the infusion of antigen-specific cytotoxic T cells expanded ex vivo. 
Transioit immunosuppression (Ledermann at al. Int. J. Cancer 47, 1991, 659- 
20 664) may be used to minimise the inununogenic response of a patient to 
components of the targeting system such as the avidin bridge. 
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The administration of said phannaceutical composition may be by way of oral, 
sublingual, transdermal or parenteral administration. 

Said effective amount of the phannaceutical composition will depend on factors 
5 :.: sucfei OS the na^ijrs ahd-ser/3^i^ of tUo di^rder being treated and on the .v,'6?sht, 
age and condition of die patient 

For oral or parenteral administration, it is greatly preferred that the 
pharmaceutical composition is administered in the form of a unit-dose 
10 composition, such as a unit dose oral or parenteral composition. 

Sudi compositions are prepared by admixture and are suitably adapted for oral 
cr parmteral adminisiration, and ^ sudi may . be in tiie form of tablets, 
capsules, oral preparations, powders, granules, lozenges, reconstitutable 
13 powders, injectable and liquid infusible solutions or suspensions or 
suppositories. 

Tablets and cqisules for oral administration are usually presented in a unit 
dose, and contain conventional excipients such as binding agents, fillers, 
20 diluents, tabletting agmts, lubricants, disintegrants, colourants, flavourings, and 
wetting agents. The tablets may be coated according to well known methods in 
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. the art 

Suitable fillers for use include cellulose, mannitol, lactose and odier similar 
agents. Suitable disintegrants include starch, polyvinylpyrrolidone and starch 
5 i^^erivativei? sudi ss sodium. sta?::^ jlycclats. Suitable lubricants include, for- 
example, magnesium stearate. Suitable pharmaceutically acceptable wetting 
agents include sodium lauiyl sulphate. 

These solid oral compositions may be prepared by conventional methods of 
10 blending, filling or tabletting. Repeated blending operations may be used to 
distribute the active agrat throughout those compositions employing large 
quantities of fillers. Such operations are, of course, conventional in the art. 

Oral liquid preparations may be in the form of, for example, aqueous or oily 
13 suspensions, solutions, emulsions, syrups, or elixirs, or may be presented as a 
diy product for reconstitution widi water or other suitable vehicle before use. 
Such liquid preparations may contain conventional additives such as suspending 
agents, for example sorbitol, synq), methyl cellulose, gelatin, 
hydroxyediylcellulose, carboxymethyl cellulose, aluminium stearate gel or 
20 hydrogenated edible fats, emulsifying agents, for example lecithin, sorbitan 
monooleate, or acacia; non-aqueous vehicles (v^ich may include edible oils). 
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for example, almond oil, fractionated coconut oil, oily esters such as esters of 
glycerine, propylene glycol, or ethyl alcohol; preservatives, for example methyl 
or propyl p-hydroxybenzoate or sorbic add, and if desired conventional 
flavouring or colouring agents. 

Oral formulations also include conventional sustained release formulations, 
such as tablets or granules having an enteric coating. 

For parenteral administration, fluid unit dose forms may be prepared 
10 comprising a sterile vehicle. The components of the composition, depending 

on tfie vdbicle and the concentration, can be either suspended or dissolved. 

Parenteral solutions are normally prepared by dissolving the conq>onents of the 
. . composition in a vehicle and filter sterilidns before xiVdng into a suitable vial 

or ampoule and sealing. Advantageously, adjuvants such as a local anaesthetic, 
15 preservatives and buffering agents are also dissolved in the vehicle. To 

enhance the stability, the composition may be frozen after filling into the vial 

and die water removed under vacuum. 



20 



Parmteral susposions are prqiared in substantially the same manner except 
that ike compound may be suspoided in the vdiicle instead of being dissolved 
and sterilised by exposure to ethylene oxide before suspending in the sterile 
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vehicle. Advantageously, a surfactant or wetting agent msy be included in the 
composition to facilitate uniform distribution of the compound of the invention. 

As is common practice, the compositions will usually be accompanied by 
.5 written or printsd directions fcr use the treatment iconcemed. .-^•^r-^; ' 

Following is a description, by wi^ of example only, and widi reference to the 
accompanying drawings, of methods of putting the present invention into effect. 

10 In die drawings :- 

Figure 1 shows a diagram showing the method/idea for delivering HLA 
. molecules to the surface of tumom ceUsr- 

13 Figure 2 shows a FACs analysis of HLA-A2-ve Mel 2 melanoma cells treated 
widi biotin-conjugated monoclonal antibody 22S.28s, avidin, biotin-conjugated 
HLA-A2/gag complexes, anti-HLA-A2 monoclonal antibody BB7.2 and 
phycoerydirin-conjugated rabbit anti-mouse antibody. 

20 Figure 3 ^ows the results of a T cell cytotoxicity chromium release ass^ with 
Mel 1 cells treated with the delivery system of biotin-conjugated monoclonal 
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antibody 22S.28s, avidin, and biotin-conjugated HLA-A2/gag complexes. These 
cells were incubated with HLA-A2/gag specific cytotoxic T cells with 
effector/target ratios of 0:1 - 20:1 for 20 hours. 

\ S ?isu>^c 4.sho^.a.diagram showing th£« methcd/ideaibr delivering HI. A clans 
I/peptide complexes to antigen presenting cells. 

Figure S shows the results of an ELISA assay, described in Example 2 below, 
for demonstrating the stability of various MHC class I/peptide complexes at 
10 3TC. The results shown are the mean of assays performed on each sample in 
triplicate. 

Figure 6:shows,a FACS analysis of HLArclass I deficient Dai^di cells t?jg(.?ted 
with HLA-A2 via biotinylated anti-CD20 mAb. Trace 1 (lefihand trace) 
15 corresponds to native untargeted Daudi cells. Trace 2 (righthand trace) 

corresponds to Daudi cells targeted with mAb/avidin/HLA-A2/gag/FITC anti- 
MHC class I. Mean fluorescence trace 1 = 0.31, mean fluorescence trace 2 = 
24.3 (arbitrary fluorescence units). 

20 Figure 7 shows the results of a four hour chromium release assay, described in 
Example 2 below, in which HLA class I-deficient Daudi cells targeted with 
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various components of the HLA-A2/gag delivery system were incubated with 
HLA-A2/gag specific cytotoxic T cell clones. A comparison was made with 
native and peptide-pulsed 22LA2 cells (HLA-A2 +ve). 

f ^Figure .8 show? the resulte 6f-a foiif hour chirrniu:n.r6!ess£-!i;;ssy, der^cribed in 
Example 2 below, in which HLA-A2/gag targeted Daudi cells were incubated 
with HLA-A2/gag-specific and HLA-A2/Melan A-specific cytotoxic T cell 
clones. 

10 Figure 9 shows the results of a twenty hour chromium release assay, described 
in Example 2 below, in which HLA*A2 +ve SK29.Mel cells were incubated 
witfi HLA-A2/gag specific cytotoxic T cell clones. 

Example 1 

15 

The following components were used: 

Target cells : A human melanoma cell line Mel 1, deposited at the 

Department of Immunology, Institute of Molecular 
20 Medicine, Oxford, that carries the HLA class I 

allotype HLA-A2. The cell line was grown in 



wo 99/64464 



PCT/GB99/01764 



18 

Standard RPMI tissue culture media. 
A human melanoma cell line Mel 2, deposited at the 
Department of Immunology, Institute of Molecular 
Medicine, Oxford, that does not cany the HLA class 
- . ' - * . ; ^.^ftrLailo^pe HLA-A2. The cell lino: v/as gro vvii in 
standard RPMI tissue cidture media. 

Attaching means :A monoclonal antibody 22S.28s (Buraggi 1985 Cancer Res. 
45. 3378-3387) diat binds to the HMW-MAA antigen on human melanoma 
cells. Biotm is chemically conjugated onto this antibody as described in Bayer 
1990, MfithQcte Embiy Q l ff gy 138-160. 

, .; . : - . . Pure hen egg avidin obtained cosimercisiiy &i)in 
Societa Prodotti Antibiotici, Milan, Italy. 

HLA : Biotin conjugated recombinant HLA class I allotype HLA-A2 

molecules, as described in Altman 1996, Science 274. 94-96, fiirdier 
containing tiie ''gag" pq>tide Aat is part of the HIV virus. This peptide 
comprises the amino acid sequence -SLYNTVATL-. Methods for the 
preparation/isolation tfiereof are described in Johnson 1991, J Immunol 
147. 1512. The **gag'* peptide was attached to die HLA-A2 molecules as 
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described in Garboczi 1992, PNAS 89. 3429-3433. 

T cells : HLA-A2/gag specific cytotoxic T cells obtained from 

an A2'We HIV patient as described in Altman 1994, 

5 - . ..,.S^ppqg,m>g4.96. 

In order to establish the ability of the attaching means to cause display of the 
HLA class I molecules on the surface of Mel 2 target cells, approximately 
200,000 cells were first incubated with biotin conjugated monoclonal antibody 

10 22S.28S at a final concentration of 20^g/ml at 3TC for 30 minutes. Following 
this the cells were washed in tissue culture media (RPNQ 1640, obtainable from 
Gibco, Scotland). The Mel 2 cells were then incubated widi avidin at a final 
conC'^;xtrction of lO^g/'rd for iO minutes at 3TC and washed in tissue eu!:ur^S 
media. Finally, the Mel 2 cells were incubated with biotin conjugated HLA 

15 class I HLA-A2/gag molecules at a final concmtration of 20^g/ml at 37°C for 
20 minutes. 

The binding of recombinant HLA-A2 to the treated Mel 2 cells was shown by 
the attachmrat of anti-HLA-A2 monoclonal antibody BB7.2 (Santos-Aguado 
20 1988, J. Immunol 141. 2811-2818) following incubation with BB7.2 antibody 
at a final concentration of lO^g/ml at 37^C for 30 minutes. After washing in 
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tissue culture media the cells were incubated with phycoerytfirin conjugated 
rabbit anti-mouse antibody (Sigma, Poole» UK) at a final concentration of 
lO^g/ml for 30 minutes at 3TC and analysed in a Becton Dickson Facscan 
machine. The result of this analysis is shown in Fig 2 vAiich demonstrates a 
5 . pgcitiyc signal indicatii^g the presence cf HLA-A2 molecules attached to lite 
surface of the Mel 2 cells. 



A chromium release T cell cytotoxicity assay was then performed in order to 
establish the ability of HLA-A2/gag specific T cell clones to lyse Mel 1 cells 

10 coated with HLA-A2/gag in accordance with the present method. 

Approximately 10^ Mel 1 cells were first pre-incubated with l.SS^Bq 
Na3^'Cr04 (obtained from Amersham International, Amersham, UK) for 1 hour 
ai 3TC. The pre-insubated Me! 1 cc!!c were then incubated with biotiii 
conjugated monoclonal antibody 22S.28s at a final concentration of 20^g/ml at 

IS 3TC for 30 minutes, and washed in tissue culture media. Following tfiis, the 
Mel 1 cells were incubated with avidin at a final concentration of lO^xg/ml for 
10 minutes at 3TC and then wa^ed again in tissue culture media The Mel 1 
cells were then incubated widi biotin conjugated HLA class I HLA-A2/gag 
molecules at a final concentration of 20^g/ml at 3T*C for 20 minutes and 

20 washed with tissue culture media. 
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. Having been coated with HLA class I HLA-A2/gag, the chromium-treated Mel 
1 cells were dira incubated with HLA-A2/gag specific cytotoxic T cells in 
ratios of 0:1 to 20:1 of effector to target cells at 3TC for 20 hours. Lysis of 
Mel 1 cells treated with Na2^^Cr04 results in the release of radioactive 

5 , chroj[cisun;^iut^^ sasy be. detected, by analysis in a scintillatios counter. ? ^ 
In order to establish the perc»tage of Mel 1 cells lysed following incubation 
with HLA-A2/gag specific cytotoxic T cells, the following measurements were 
taken: background release of chromium from the Mel 1 cells in media alone 
("M"); release of chromium from the Mel 1 cells following incubation with the 

10 T cells C'E"); release of chromium from the Mel 1 cells following fmal 

treatment with S% Triton X-100 detergent ("T*"). Treatment with detergent will 
cause the lysis of all the remaining intact Mel 1 cells. 

% Mel 1 lysis by cytotoxic T cells was calculated as follows: 

IS 

% lysis = 100 X (E-M^ 
(T-M) 



20 



This analysis was carried out on Mel 1 cells treated with biotin-conjugated 
22S.28S, avidin, and biotin-conjugated HLA-A2/gag. As a control, die analysis 
was also carried out on Mel 1 cells treated with biotin-conjugated 225 .28s and 
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avidin alone, and on Mel 1 cells treated with avidin and biotin-conjugated 
HLA-A2/gag alone. 

The key restdts of this analysis are illustrated in Figure 3, which indicates that 
5. significartt lysis (20%> of'i^ifis! Ij esUs by HLA-A2/gag specific cytoto?ric T v^i'Vs 
occurs only v^en the Mel 1 cells have been treated with all the components of 
the attaching and delivery means of the present invmtion (ie biotin-conjugated 
22S.28S monoclonal antibodies, avidin, and biotin-conjugated HLA-A2/gag). No 
significant increase in cell lysis over background levels was observed in either 
10 of the control runs. 



Example 2 



The following components were used: 



Target cells : 



The Daudi B cell line (MHC class I-negative) 



melanoma line SK-mel-29 (HLA-A2.1 -positive). 



.221/A2 (HLA*A2 J -positive), were maintained in 



RPMI media with 10% fetal calf serum and 



20 



antibiotics in a 3TC incubator widi 5% COj. 
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10 HLA : 



15 
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Monoclonal antibodies 22S.28s (Buraggi 1985 
Cancer Res. 45. 3378-3387) and 2H7 that bind to the 
HMW-MAA antig^. Biotin is chemically conjugated 
onto these antibodies as described in Bayer 1990, 

Mgtfc.-?ds>£s: V^f>gosof 184, 138-160. - . - . . 

Pure hen egg avidin obtained commercially from 
Societa Prodotti Antibiotici, Milan, Italy. 

Biotinylated complexes of recombinant MHC class I 
and peptide were produced as described previously 
(Altman et al. Science 274. 1996, 94-96; Ogg et al. 
Science 27 9. 1998, 2103). FrokiLT^olic expression of 
B2M and MHC class I heavy chain, modified by the 
C terminal addition of a target sequence for the 
biotin ligase enzyme BirA, was followed by 
inclusion body purification. Following refolding of 
heavy chain and B2M around specific peptide, 
complexes of 4SkD were isolated by gel filtration, 
biotinylated overnight using BirA in the presence of 
ATP, Mg2+ and biotin, and then purified by gel 
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filtration and anion exchange. 



Human cytotoxic T cell clones 010 (specific for 
HLA-A2/gag 77-85 = SLYNTVATL (Parker et al, I 
Iiamiincl 149. 1992, 35.80-3587)) and IF? (specific . . • . » 

for HLA-A2/melan-A 26-35 = EAAGIGILTV 
(Romero et al, J. Immunol. 159. 1997, 2366) were 
maintained in media supplemented with 5% human 
serum and IL-2 100 lU/ml 

10 

The stability of die MHC class I/peptide complexes was first established by an 

ELISA assay. Various MHC class I/peptide complexes, including HLA- 
. A2/GBg3Y. HLA-A2/Gag3F; HLM2/I'Jnp2, HLA-B35/Env and HLA.B35/nef. - ' '*^>'ii^ 

were prepared as outlined above, and were pre-incubated at lOug/ml in tissue 
15 culture media for 0-20 hours at 3TC. EUSA plates were coated with the mAb 

W6/32 (5ug/ml in carbonate buffer pH 9.6 overnight at 4''C) which recognises 

conformationally correct MHC class I molecules (Parham, 1979), and th« 

blocked by incubation in 1% bovine serum albumin for 2 hours at 37^C. The 

MHC class I/pqptide complexes were incubated for 30 minutes with the EUSA 
20 plates at room temperature, and binding was detected widi rabbit anti-human 

B2 microglobulin followed by alkaline phosphatase conjugated goat anti-rabbit 



T cells : 
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immunoglobulin, and substrate. All incubations were separated by extensive 
washes in PBS. 

Absorbances at 600nm were measured in a Titertek Multiscan ELISA reader. 
5 . . Three assays were performed' for 'eads s^rtraple, xmd tbs mean reading was * 
calculated. 

The results obtained witfi samples preincubated for 0, 1,4, 16 and 20 hours are 
shown in Figure S. The results demonstrate diat the HLA-A2/gag complexes 
10 have appreciable stability in culture media at 37®C, widi an estimated half-life 
in excess of 24 hours. 

In storage at O.S-lmg/nil at 4®C HLA-A2/gag complexes app^sai io.be sUble far . 
at least 12 months (data not shown). 

IS 

To demonstrate the ability of tiie attaching means to cause display of MHC 
class I on die surface of Daudi cells, Daudi cells deficient in MHC class I were 
sequentially incubated at 4^C with biotinylated anti-CD20 (Ancell, Nottingham, 
UK; mAb 2H7 (Berenson et al. Blood 67, 1986, 509-5 IS) at lug/ml for 30 
20 minutes); hm egg avidin (S.P.A., Milan, Italy, at lOug/ml for 10 minutes); 
biotinylated HLA-A2/gag (at lOug/ml for 10 minutes); and FTTC labelled 
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anti-MHC class I (Ancell, Nottingham, UK; mAB 3F10 (Eisenbardi et al, L 
Tmmimnl 124^ 1980,1237-1244) at 10 ug/ml). Parallel controls omitted one or 
other incubation. Cells were washed 3 times in PBS between stages and dien 
fixed in PBS plus 2% formaldehyde and analysed by flow cytometry. 

Cells incubated with all three layers of the labeUing system had high levels of 
detectable MHC class I/peptide on their surface compared to untreated Daudi 
cells (Figure 6). Cells treated with only any 2 components of the 3-step system 
gave fluorescence levels comparable to untreated cells (data not shown). 

10 

A chromium release cytotoxicity assay was carried out to establish the ability 
of specific T cell clones to lyse Daudi or SK-mel-29 cells in accordance widi 
r die preseiiijiiventionr Daudi or SK-mei-29 cells were incubated with ^^CrC^^ ai . 
2uCi/uL for 1 hour at 37^C and ttien sequentially incubated with: the 

13 biotinylated mAbs 2H7 or 225.28s (anti-HMW-MAA) respectively; avidin; and 
biotinylated HLA-A2/gag complexes as detailed above. Peptide pulsed target 
cells were incubated with gag 77-85 or melan-A 26-35 peptides at O.luM for 1 
hour at 37^C. After washing, labelled target cells were plated into 96-well 
round bottom plates at 2,500 cells per well, followed by human CTLs at 

20 various effectortarget ratios. Following incubation at 37*'C, 20ul of siq>ematant 
was collected and flie amount of '^Cr released was determined. The percentage 
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of cytotoxicity (lysis) obtained at each effectortarget ratio was calculated as: 
100 X (E-M)/(T-M), where E = Experimental release, M = Release in media 
and T Release in 5% Triton X-100 detergmt. 

' t\3 -The ro^ts shown- in FigureT? are'tie rae^s- of espMniiefsts periormed iti- 
duplicate. As shown by these results, the CTL clone (010) efficiently lysed 
HLA-A2-positive targets (.221/A2) only whm these were pre-incubated with 
the HLA-A2/gag peptide. MHC class I-negative Daudi cells, when targeted 
with the HLA-A2/gag complexes of die preset invention, were recognised and 
10 lysed by tfiis CTL clone to an equivalent degree. Untargeted Daudi cells and 
cells targeted with only 2 of the 3 components of the targeting system were not 
recognised (maximal lysis <4% at E:T ratios of up to 80:1). 

Control CTL, showing a differnt HLA-A2-restricted specificity (HLA— 
IS A2/melan-A), did not lyse Daudi cells targeted with die HLA-A2/gag 

complexes (Fig. 8), demonstrating the fine specificity of the targeting approach. 

Untreated Daudi cells pulsed with gag peptide alone were not lysed by clone 
010 (data not sliown), in keq)ing with their lack of endogenous MHC class L 

20 

The ability of antibody-directed HLA-A2/gag complexes to sensitise the 
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melanoma cell line SK-mel-29 to lysis by HLA-A2/gag-specific CTL line is 
shown in Figure 8. At all E:T ratios, melanoma cells targeted by complexes 
linked to surface proteins were lysed substantially more than controls exposed 
to only two components of the 3-step targeting system. Additionally, MM9 

..ipcilanoma cells that do not (express HLA- A2 wjflra rJso iycc-*? 'Ji & siPilSai '\. . 
manner (data not shown). 
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CLAIMS 

1 A complex comprising an HLA class I molecule or fragment thereof, 
which HLA class I molecule or fragment thereof comprises a T cell binding 

.'.5 • pcrtbvi^.asidi^-.taching means for selectively attaching said r'l -A r.ia.-'s ?,>-^cicc:jle . 
or fragment thereof to a target cell. 

8 A complex as claimed in claim 1, wherein said attaching means comprises 
a linking polypeptide with high specific affinity for a target cell specific molecule 

10 on the surface of the target cell. 

9 A complex as claimed in claim 2, wherein said linking polypeptide 

comjgrises aii antibcily, pr^fsrabiy a monoclonal an^!body, raised cgainat ^^aid. 
target cell specific molecule. 

15 

4 A complex as claimed in claim 2 or claim s, wherein said linking 
polypeptide is adapted to be attached directly to said HLA class I molecule or 
fragment thereof 

20 5 A complex as claimed in claim 2 or claim 3, wherein said attaching means 
further comprises a coupling system for coupling said linking polypeptide to said 
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HLA class I molecule or fragment thereof. 

6 A complex as claimed in claim 5, wherein said coupling system comprises 
a two- or three-step chain of well-characterised paired small molecules, which 

5 ; - cbs^ is joined- to the linking polypeptide and the HLA ciai:3 1 .-.i?.'jriiic:;k-so B3to\, . . 
form a stable bridge between the two. 

7 A complex as claimed in claim 6, characterised in that said chain 
comprises biotin and avidin/streptavidin. 

10 

8 A complex as claimed in claim 6, characterised in that said chain 
comprises calmodulin and calmodulin binding peptide. 

9 A complex as claimed in any preceding claim, which complex comprises 
13 a recombinant protein* which recombinant protein includes a moiety comprising 

said HLA class I molecule or fragment tliereof, and a moiety comprising said 
attaching means. 

10 A complex as claimed in any preceding claim, characterised in that said 
20 HLA class I molecule or fragment thereof binds or is attached to a recognition 

peptide, which recognition peptide is arranged to be presented by said HLA class 
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I molecule or fragment thereof for T cell recognition. 

II A complex as claimed in any preceding claim, characterised in that said 
target cell is a type of cell the presence of which is undesirable in a patient, such 

N " ' * " as a,tutatcur'C«!*l:G!F a diseased, forcigr^or malignant cell such as a caacsi' eel!; s; v • 

leukaemia cell, a cell infected with the HIV virus or with any other parasite, 
bacterium, microbe or virus, or a cell responisible for detrimental activity in auto- 
immune disease. 

10 18 A complex as claimed in claim 11 appended to claim 10, wherein said 
recognition peptide comprises a peptide which has a strong cytotoxic T cell 
response or which is capable of inducing a powerful immune response. 

f • •" 

13 A complex as claimed in claim 1 1 appended to claim 10, or claim 12, 
IS wherein said recognition peptide comprises a viral or microbial peptide, such as 

an influenza virus peptide, a measles virus peptide, an Epstein-Barr virus peptide, 
in particular an Epstein-Barr virus peptide comprising the RAKFFQLL epitope 
of the lytic protein BZLFl, a Cytomegalovirus peptide, or a tetanus toxoid 
peptide. 

20 

14 A complex as claimed in ay of claims 1 1-lS, wherein the allotype of said 
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HLA class I molecule or fragment thereof is different from the allotype of the 
HLA class I molecules of the patient, so that an alloreactive response can 
additionally or alternatively be triggered against said target cell. 

15 : .A:Gom|^.^x ciairTi^dJ?! ssi^y^pf claims 1-1 . 
antigen presenting cell. 

16 A complex as claimed in claim 15 appended to claim 10, wherein said 
recognition peptide comprises a tumour specific peptide, or a viral peptide, or a 

10 bacterial peptide, or a parasitic peptide, or any peptide which is exclusively or 
characteristically presented by HLA class I molecules on the surface of diseased 
or malignant cells, or virally, bacterially, parasitically or microbially infected 
cells, or foreign cells the presence cf %vhich is undesirable in a patient. 

17 A complex as claimed in any preceding claim, wherein said target cell is 
IS a culture cell. 

18 A complex as claimed in any of claims 1-16, wherein said target cell is a 
cell in the body of a patient. 

20 19 A method for attaching the complex of any of claims 1-18 to said target 
cell, comprising the step of introducing to said target cell said HLA class I 



wo 99/64464 



PCT/GB99/01764 



33 

molecule or fragment thereof and said attaching means. 

20 Use of the complex of claim 15 or claim 16 in the in vivo or ex vivo 
amplification of cytotoxic T cells with specificity for said recognition peptide. 

21 A method for producing or enhancing an immunological response against 
a target cell, comprising the step of attaching the complex of any of claims 1-18 
to said target cell in accordance with the method of claim 19. 

10 22 A method for immunising a patient against a disease or condition which 
is characterised by the presence in the patient's body of cells displaying said 
recognition peptide on the surface thereof; such as a tumour, or a malignant or 
; ~ auto^immune disease .such as cancer orJeu^iS^'mia, an infectious disease 5uch as 
a viral infection such as HIV infection, a bacterial or microbial infection such as 

13 tuberculosis, or a parasitic infection such as malaria; comprising the step of 
administering to said patient an effective amount of the complex of claim 15 or 
claim 16. 

23 A pharmaceutical composition for use in immunising a patient against a 
20 disease or condition which is characterised by the presence in the body of the 
patient of diseased, malignant or foreign cells; such as a tumour, or a malignant 
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or auto-immune disease such as cancer or leukaemia, or an infectious disease such 
as a viral infection such as HIV infection, or a bacterial or microbial infection 
such as tuberculosis, or a parasitic infection such as malaria; said pharmaceutical 
composition comprising a complex as claimed in claim 15 or claim 16 and an 
''5 ' appropmte excipient v'r courier. . . . - - , . 

S4> Use of the complex of claim 15 or claim 16 in the preparation of a 
medicament for use in immunising a patient against a disease or condition which 
is characterised by the presence in the patient's body of cells displaying said 
10 recognition peptide on the surface thereof; such as a tumour, or a malignant or 
auto*iinmune disease such as cancer or leukaemia, an infectious disease such as 
a viral infection such as HIV infection^ a bacterial or microbial infection such as 
tuberculosis, or a parasitic iisfection such as malaria. 



IS 85 A method for the treatment of a disease or condition such as a tumour, 
or a malignant or auto-immune disease such as cancer or leukaemia, an infectious 
disease such as a viral infection such as HIV infection, a bacterial or microbial 
infection such as tuberculosis, or a parasitic infection such as malaria, comprising 
the step of administering to a patient in need thereof an effective amount of the 

20 complex of any of claims 1 1-14>. 
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26 A pharmaceutical composition for use in the treatment of a disease or 
condition characterised by the presence in a patient of diseased, foreign or 
malignant cells; such as a tumour, or a malignant or auto-immune disease such 
as cancer or leukaemia, or an infectious disease such as a viral infection such as 
. .5. . HIV. infection?, or a .bacterisil. or a^crc--i*.al biccticn such as tuberculosis, or a^ . 
parasitic infection such as malaria; said pharmaceutical composition comprising 
a complex as claimed in any of claims n-14 and an appropriate excipient or 
carrier. 

10 27 Use of the complex of any of claims 1 1-14 in the preparation of a 
medicament for the treatment of a tumour, or a malignant or auto-immune 
disease such as cancer or leukaemia, or an infectious disease such as a viral 
-^infection such as HIV infection, or a bacteria; or micrr^l-ial iftxfectiori such as . 
tuberculosis, or a parasitic infection such as malaria. 

15 

28 A pharmaceutical pack or kit comprising one or more containers 
containing one or more of the pharmaceutical compositions claimed in claim 23 
or claim 26 and written instructions for the administration of said composition 
or compositions to a patient 



20 
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